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ABSTRACT
INTRODUCTION: Vestibular schwannoma (VS) is known to be a benign tumor. It develops from the 
Schwann cells in the vestibular portion of the VIII nerve. The causes of tumor development are not fully de-
fined. VS is diagnosed more often in people of active age (30-60 years), mostly in women.   
AIM: The aim is to study the state of vestibular and acoustic dysfunctions in patients with VS at an early 
stage. 
MATERIALS AND METHODS: A total of 71  patients with MRI-verified VS at an early stage were analyzed. 
The 1st group consisted of 34 patients with intracanal VS, and the 2nd group included 37 patients with stage 
one VS. 
Vestibular dysfunction, including the registration of three pathological vestibular reactions vestibulo-so-
matic, vestibulo-sensory and vestibulo-vegetative, was studied. Acoustic dysfunction was studied using ton-
al, speech and suprathreshold speech audiometry, and auditory brainstem responses (ABR). 
RESULTS: Unilateral or asymmetric bilateral vestibular dysfunctions have been established in all patients 
at the early stages of VS, which forms phantom phenomena of sensory and motor memory in the cortical 
structures of the brain in the form of pathological vestibulo-somatic, vestibulo-sensory and vestibulo-vege-
tative reactions, which are to be considered during rehabilitation. 
Acoustic dysfunction of different manifestations—from normal symmetrical hearing to socially adequate 
unilateral or asymmetric sensorineural hearing loss of degree I-II, and significant socially inadequate sen-
sorineural hearing loss of degree III-IV, deafness, and also mixed hearing loss, was determined in these 
patients. ABR registration indicated unilateral or asymmetric delays of sound signals transferring in the 
brainstem structures at the early stages of VS with both normal hearing and socially adequately impaired 
hearing. 
CONCLUSION: Various manifestations of vestibular and acoustic dysfunctions with development of excit-
atory and inhibitory processes in the peripheral, brainstem, and cortical structures of the vestibular and 
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acoustic systems were defined in all patients at the 
early stages of VS. 
Keywords: vestibular and acoustic dysfunctions, 
postural balance, spontaneous nystagmus, 
experimental nystagmus reaction, tonal and 
speech audiometry, ABR
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tures, which may become life-threatening. Detection 
of VeD and AcD in patients at the early clinical stages 
of VS is important for the provision of optimal med-
ical care with minimal postoperative complications 
and effective and corrective rehabilitation. 
AIM
The aim of the study was to evaluate the vestib-
ular and acoustic dysfunctions in patients with VS at 
an early stage. 
MATERIALS AND METHODS
A total of 71 patients with MRI-verified VS at an 
early stage were examined in the period 2015-2020 in 
the Department of Ear Microsurgery and Otoneuro-
surgery at the Kolomyichenko Otolaryngology In-
stitute. Thirty of the patients were male and 41—fe-
male. The 1st group consisted of 34 patients with in-
tracanal VS, and the 2nd group included 37 patients 
with stage one VS. 
Ten healthy individuals with normal vestib-
ulometry and audiometry tests were chosen for the 
control group.
Vestibulometry was performed using the V.G. 
Bazarov scheme (8) with the assessment of postur-
al balance (static balance by cephalography, kinetic 
balance and spatial orientation when performing Fu-
kuda coordination tests such as writing and stepping 
ones). 
Spontaneous, positional and experimental nys-
tagmus responses induced by functional stimulations 
(caloric and rotational) were recorded by a comput-
er electronystagmography (ENG) method with the 
neurocomplex of an SPE DX-system (Ukraine). 
The nature of VeD was assessed by the I.B. Sol-
datov et al. method (18), and the degree of its mani-
festation—according to the V.G. Bazarov method (8) 
with the obligatory determination of the duration of 
vestibulo-sensory reactions, and the degree of mani-
festation of vestibulo-vegetative reflexes was assessed 
according to the K.L. Khilov method (19). 
Auditory function was evaluated by MA-
31 (Germany) and Uteri (Denmark) audiometers. 
Thresholds of tonal and speech audiometry, legibility 
of speech tests, signs of paradoxical increase in their 
intelligibility at the maximum audiometer intensities 
from 110 to 120 dB were fixed, and ototopic disorders 
were also revealed by the Weber test. The degree of 
INTRODUCTION
Vestibular schwannoma (VS) is known to be 
a benign tumor. It develops from the Schwann cells 
in the vestibular portion of the VIII nerve (1-6). The 
causes of tumor development are not fully defined. 
VS is diagnosed more often in people of active age 
(30-60 years), mostly in women.   
    Despite the latest technologies, the disease 
duration—from the moment of initial symptom to 
the diagnosis, was as follows: less than one year was 
registered in 33% of patients, from 1 to 3 years—in 
56.9%, more than 3 years—in 18.8%, according to the 
researchers from O.S. Kolomiychenko Institute of 
Otolaryngology, National Academy of Medical Sci-
ences of Ukraine (7). 
The vestibular system plays a decisive role in the 
spatial orientation at rest and in motion and in the 
formation of motor and sensory memory, which un-
derlie all forms of sensory and motor activities. It re-
sponds to the development of disorders in the body, 
in particular, somatic, motor, sensory and autonom-
ic ones with exceptionally subtle sensitivity, dyna-
mism, objectivity of symptoms before other senso-
ry systems, so it is of prime importance in regard to 
these functions (8-13). 
According to the R. Jackler classification (14), 
VS at the early stages is an intracanally located in 
the internal auditory canal (IAC), and at stage one 
(I) leaves the IAC for the cerebellopontine angle at 
a distance of up to 10 mm. Therefore, an important 
task of otoneurology is the detection of VS at the ear-
ly stages, which are also called otiatric ones. 
The unilateral or asymmetric manifestations 
of vestibular (VeD) and acoustic (AcD) dysfunctions 
are considered as a manifestation of VS, requiring 
the comprehensive clinical and electrophysiological 
examinations of the vestibular and auditory systems 
(5,6,15,16). 
If VS is suspected after these examinations, it is 
mandatory to perform MRI with contrast as the gold 
standard of objective diagnosis. It was noted that 
small VS may not grow for a long time, or grow slow-
ly, not exceeding 1 mm per year (17). However, they 
can grow faster, filling the  cerebellopontine angle, 
unilaterally disrupting the functions of the cranial 
nerves V, VI, VII. Progressing in growth, the VS also 
causes the functional disorders of brainstem struc-
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hearing loss was determined according to the inter-
national classification approved by the WHO. 
Speech audiometry was performed under mod-
ern acoustic conditions (20).
Registration of ABR was performed using the 
Eclipse analyzer system from Interacoustics in re-
sponse to a click duration of 100 μs with a repetition 
rate of 21 per 1 sec with an intensity of 80 dB above 
the subjective level of sound perception. A total of 
1024 averaged evoked curves were analyzed using 
low- (200 Hz) and high-frequency (2000 Hz) filters 
with an epoch analysis within time intervals with 10 
ms width. 
The method of variation statistics and the Stu-
dent’s coefficient were used for the calculation of the 
significant differences between the values.
RESULTS
A retrospective analysis of complaints and an-
amnestic data of 71 individuals divided into two 
groups of patients with VS at an early stage was 
performed. 
The first symptoms of VeD discomfort revealed 
various unilateral or asymmetric manifestations of 
three types of pathological reactions: 
1. vestibulo-somatic spontaneous disorders of 
postural balance (functions of static and kinet-
ic balance, disorders of spatial orientation with-
out visual control); 
2. vestibulo-sensory reactions (dizziness with an 
objective manifestation consisting of spontane-
ous or positional nystagmus of different inten-
sity and direction); 
3. vestibulo-vegetative reactions (nausea, vomit-
ing, increased sweating, arrhythmias, changes 
in blood pressure). 
Forms of motion sickness occurring for the first 
time or an exacerbation of such forms observed in 
childhood or adolescence were determined. 
It is noteworthy that complaints of irritative 
processes in VeD were more often noted by persons 
from the 1st group. In patients from the 2nd group 
the main complaints were disorders of balance and 
spatial orientation, especially in the dark, without vi-
sual control. 
Spontaneous vestibulo-somatic disorders were 
detected in all 71 patients, namely: postural balance 
disorders (static and kinetic balance in 100% of cases) 
and partially spontaneous or positional nystagmus.
At functional stimulation (caloric and rotation-
al) the phenomena of unilateral or asymmetric hy-
perreflexia of experimental nystagmus reaction in 
69% of the patients from the 1st group and dissoci-
ation—in 10% of cases registered by computer ENG. 
Phenomena of unilateral or asymmetric bilater-
al hyporeflexia of the experimental nystagmus reac-
tions were registered in 83% of the cases, and signs of 
dissociation—in 15% of the cases in the 2nd group.
Pathological vestibulo-vegetative reactions 
were recorded in 65% of the cases from the 1st group, 
and in 52% of those from the 2nd group. Pathologi-
cal vestibulo-sensory reactions were detected in 81% 
of the cases in group 1, and in 27% of those in group 
2 (3 times less than in the 1st group).
Analyzing the vestibulometric examinations 
with functional stimulations, while taking into ac-
count three types of pathological vestibular reac-
tions, first- or second-degree vestibular syndrome, 
with and without preservation of the vectorial rules, 
was established in VS patients with unilateral or 
asymmetric phenomena of hyperreflexia of the ex-
perimental nystagmus reaction from the 1st group, 
as well as in patients with unilateral or asymmetric 
phenomena of hyporeflexia of experimental nystag-
mus reaction from the 2nd group. 
Craniocerebral injuries, concomitant endo-
crine (diabetes mellitus, thyroid pathology), cardio-
vascular and digestive diseases, emergence motion 
disease or its aggravation, which were established in 
childhood or later, were present in the anamnesis of 
54% patients from both groups.   
“Phantom” (sensory) sensations are formed in 
the cortical structures of the brain in the form of diz-
ziness, postural balance disorders, spatial orienta-
tion disorders, nausea, general weakness in vestibu-
lar dysfunction at the early stages of VS, as was noted 
by control examinations. The obtained data are con-
sistent with those of other authors, who indicate the 
need to take into account the “phantom” sensations 
during rehabilitation (21,22).
The dependence of the effect of rehabilitation 
on many factors was observed despite the high com-
pensatory mechanisms in the vestibular cortex and 
the participation of other sensory organs. 
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In particular, this dependence is clearly seen in 
different age categories (in younger age the compen-
sation occurs faster, in older age lasts longer). 
Identified pathological vestibular reactions 
(vestibulo-somatic, namely spontaneous and caused 
by functional stimulations, vestibulo-vegetative, and 
vestibulo-sensory) of vestibular dysfunction in pa-
tients with VS are presented on Fig. 1.
Auditory discomfort was manifested by com-
plaints of unilateral tinnitus, first periodic and then 
constant ones of varying tone and intensity in 92% of 
the patients from both groups.
Different hearing levels were noted in patients 
of both groups: normal symmetrical hearing, unilat-
eral or asymmetric bilateral sensorineural hearing 
loss with slowing perception of speech tests, signs of 
paradoxical decrease of speech intelligibility with in-
creased audiometer volume, complete deafness with 
ototopic disorders, and mixed hearing loss. The re-
sults of the audiometric examinations are presented 
in Table 1. 
According to audiometric examinations, nor-
mal bilateral symmetrical hearing was observed in 10 
(29.4%) patients from the first group, first- and sec-
ond-degree unilateral sensorineural hearing loss—in 
13 (38.2%), first- and second-degree asymmetric bi-
lateral sensorineural hearing loss—in 4 (12.8%), sec-
ond-degree mixed hearing loss—in 1 (2.9%), belong-
ing to socially adequate hearing impairments. 
They achieved 100.0% intelligibility of speech 
tests, without signs of its slowing and a paradoxical 
decrease in intelligibility of speech tests with an au-
diometer intensity of 110-120 dB. 
Third- and fourth-degree of socially inadequate 
hearing, hearing loss, was only observed in 4 patients 
(12.8%) from this group. The signs of delayed com-
prehension of speech testing were revealed in these 
patients, which indicated the development of inhib-
itory processes in the auditory cortex. Along with 
this, the signs of a paradoxical decrease in speech in-
telligibility with increasing the volume of the audi-
ometer to 110-120 dB were noted. 
At the same time, they indicate disorders of ex-
citation processes in the cortical structures of the 
vestibular system, which narrows the range of com-
fortable perception of speech tests, complicating so-
cial communication and creating obstacles to hear-
ing correction by hearing aids. 
Among 37 patients from the 2nd group, normal 
hearing was only registered in 2 (5.4%), a first- and 
second-degree sensorineural hearing loss without 
disturbances of speech tests—in 16 (43.0%). Howev-
er, third- and fourth-degree sensorineural hearing 
loss was recorded in 14 patients (37.6%), which was 
3 times more frequent than in patients from the 1st 
group. Second-degree unilateral mixed hearing loss 
was registered in one patient from the 2nd group. 
Fig. 1. Manifestations of pathological spontaneous 
reactions caused by vestibulo-somatic, vestibulo-
vegetative and vestibulo-sensory reactions in vestibular 
dysfunction of VS patients. 
Groups Normalhearing 







I II III IV I II III IV
1 10 6 7 1 1 1 3 2 -   2 1
2 2 3 12 4 3 - 1 4 3   4 1
Total 12  9 19 5 4 1 4 6 3   6 2
Table 1. Acoustic dysfunction according to audiometry in VS patients.
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In addition, 6 out of 71 patients (8.5%) with total 
unilateral sensorineural hearing loss (2 persons from 
the 1st group, and 4 persons from the 2nd group), 
with monoaural perception of hearing and signifi-
cant ototopic disorders were analyzed. In such cas-
es, patients could not determine which side received 
the sound or speech signal, creating dangerous situa-
tions, reducing proficiency and efficiency. 
The results of interpeak latency (IPL) param-
eters of ABR in patients with normal hearing from 
both groups, first- and second-degree sensorineural 
hearing loss, compared to the persons of the control 
group are presented in Table 2.
It should be noted that, although according to 
audiometric examinations normal hearing was re-
corded symmetrically on both sides in 10 patients 
of the 1st group and in 2 patients of the 2nd group, 
significant asymmetric changes in IPL of ABR were 
registered. 
They were detected in the 2 groups of patients 
as an increase in the IPL parameters I-III, III-V and 
their total value I-V on the side of VS compared with 
the control group, as well as with the contralateral 
ear. 
The obtained results indicate the changes in the 
brainstem structures of the auditory system in pa-
tients with VS and socially adequate hearing, as well 
as in those with a normal hearing. 
DISCUSSION
Thanks to early imaging, VS are now diagnosed 
more frequently and are often small, presenting with 
mild symptoms. The natural history of the tumor 
supports abstaining from any treatment, shifting to 
an active policy if it grows or new, invalidating symp-
toms develop (5,22). Active therapies such as micro-
surgery or radiotherapy may be offered at the time of 
diagnosis, but only if they provide the patient more 
benefit than observation alone (12, 19). It is essential 
to ask why and when a small VS should be active-
ly treated. The goal of treatment should be to ensure 
long-term cure of the disease with no further mor-
bidity on cranial nerves VII and VIII, or post-treat-
ment sequelae.
Clinically, most VS patients present with uni-
lateral sensorineural hearing loss (94%) and tinni-
tus (83%). The frequency of the vestibular symptoms 
like vertigo and unsteadiness varies widely (17‒75% 
of patients), but they are likely underreported (21). 
In the early stages, VS may not manifest itself clin-
ically. Sometimes a tumor is discovered by accident 
during an MRI scan of the brain. Diagnosis of a tu-
mor in the early stages remains a challenging task for 
otoneurology.
In the early stages of VS, when the tumor is just 
starting to grow on the vestibular nerve, nerve irrita-
tion is observed. Patients may complain of slight diz-
ziness, and vestibulometry can reveal hyperreflexia 
from the vestibular analyzer.
A total of 69% of patients with intracanal VS 
had hyperreflexia of the nystagmus reaction in our 
observations. As the tumor grows, compensation 
for the disorders of the vestibular system and loss of 
Group Hearing Condition
Interpeak Intervals (ms) of ABR (M ± m)
І-ІІІ III-V I-V
Control Norm 2.15±0.02 1.87±0.01 4.02±0.02
Group 1
Norm 2.20±0.02* 2.12±0.03* 4.32±0.03*
Degree І 2.23±0.02 2.21±0.03 4.43±0.02
Degree ІІ 2.25±0.01 2.26±0.02 4.51±0.03
Group 2
Norm 2.23±0.02 * 2.12±0.05* 4.35±0.04*
Degree І 2.26±0.02 ** 2.21±0.05** 4.47±0.02**
Degree ІІ 2.30±0.03 ** 2.26±0.02** 4.56±0.02**
Notes. * – IPL of VS patients in the 2 groups with normal hearing were significantly prolonged in comparison with the control group,  
p <0.05; 
** – IPL were significantly prolonged in patients from the 2nd group in comparison with the 1st group, p <0.05. 
Table 2. Average of interpeak latencies of ABR in VS patients and control group.
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function of the vestibular nerve destroyed by the tu-
mor occurs. In VS patients with a 1st stage tumor, we 
have already observed hyporeflexia of experimental 
nystagmus in 83% of the cases.
Patients with VS may have unilateral hear-
ing impairment of varying severity, or may not have 
hearing impairment at all. The degree of hearing im-
pairment does not indicate the size of the tumor or 
its presence. The registration of auditory potentials, 
even with a normal hearing level, makes it possible to 
suspect a tumor. At the same time, an increase in IPL 
between peaks I-III and I-V on the side of the tumor 
is recorded even with small intracanal tumors with a 
size of 2-3 mm. In our observations, we noted an in-
crease in the mean values  of IPL in both groups, even 
with a normal hearing level on the side of the tumor.
It should be emphasized that the disturbanc-
es of inhibitory and excitatory processes in the au-
ditory cortex registered in the speech discrimination 
score in VS patients with socially inadequate hearing 
from both groups complicate social communication 
significantly. 
 When comparing the results of the examina-
tions of patients with VS with significant binaural 
hearing loss with a difference of more than 30 dB, 
and with third- and fourth-degree unilateral hearing 
loss or unilateral deafness with asymmetry of exper-
imental nystagmus reactions, significant equilibrium 
disturbances were registered in comparison with less 
important changes in vestibulometry parameters in 
first- and second-degree unilateral hearing loss. 
According to our data, taking into account the 
ototopic disorders in AcD together with the chang-
es in postural balance in VeD is the important point 
in a comprehensive objective assessment of disorders 
of spatial orientation in the expert determination of 
proficiency and efficiency. 
CONCLUSION
1. Vestibular dysfunction in all patients at the ear-
ly stages of VS is manifested by unilateral or 
asymmetric disturbance of postural balance, 
unilateral or asymmetric disorders of experi-
mental nystagmus responses during the func-
tional stimulation: first- and second-degree 
processes of excitation or inhibition with or 
without preservation of vectorial rules. 
2. Vestibular dysfunction in patients with VS 
forms the “phantom” phenomena of sensory, 
and motor memory such as dizziness, postural 
balance disorders, nausea and other autonomic 
disorders in the cortical structures of the brain. 
These facts are of great importance for the reha-
bilitation measures.
3. Acoustic dysfunction in patients at the early 
stages of VS can be different from symmetrical 
normal hearing to first- and second-degree so-
cially adequate unilateral or asymmetric bilat-
eral sensorineural hearing loss and third- and 
fourth-degree unilateral or bilateral socially in-
adequate hearing loss, also deafness as well as 
mixed hearing loss.
4. Unilateral or asymmetric prolongations in in-
terpeak latencies of ABR were revealed. They 
indicate unilateral or asymmetric preclinical 
delay of sound signals transferring in patients 
at the early stages of VS in the brain audito-
ry system, which is important for differential 
diagnosis. 
5. In patients with socially inadequate hearing 
from both groups, the disorders of inhibitory 
and excitatory processes in the auditory cortex 
were registered during speech audiometric test-
ing, which significantly complicated their so-
cial communication. 
Thus, the comprehensive diagnostic approach 
to the detection of vestibular and acoustic dysfunc-
tions in patients at the early stages of VS is necessary 
for optimal choice of treatment, preventive and re-
habilitative corrective measures to more quickly and 
effectively achieve compensation of impaired func-
tions to maintain proficiency, efficiency and social-
ization in an individual’s life. 
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